Introduction
The induction of oxidative damage in the body is the result of oxidative stress that exceeds the antioxidant capacity, which is dependent on the levels of antioxidants and antioxidative enzymes. Oxidative modification of DNA, protein, and lipids by reactive oxygen species (ROS) plays a role in aging and diseases.
9LWDPLQV ( 9( DQ LPSRUWDQW OLSLGVROXEOH DQWLR[LGDQW SUHYHQWV WKH IRUPDWLRQ RI OLSLG SHUR[LGHV /LSLG SHUR[LGHV KDYHEHHQVKRZQWRLQGXFHWKHR[
LGDWLYHGDPDJHRI'1$LQ YLWUR &DUPHQ DQG 2\YLQG /HH HW DO /HH DQG /LP 7KLV '1$ GDPDJHPD\SURGXFHPXWDWLRQVWKDW FDXVH SHUPDQHQW JHQHWLF DOWHUDWLRQV ZKHQ WKH FHOO UHSOLFDWHV LWV'1$7KLVLQFUHDVHVWKHULVNRIFDQFHU+HO]OVRXHUHWDO 0LFKDXGHWDO/HYLHWDO7KHVHUHVXOWV VXJJHVW WKDW WKHUH LV DQ DVVRFLDWLRQ EHWZHHQ D ORZ LQWDNH RI 9(ZLWKDVXEVHTXHQWULVNRIFDQFHU There have been many studies on the relationship between various levels of VE and oxidative damage in the body (Umegaki et al., 1993; Cho et al., 1995; Umegaki et al., 1997) . However, the effects of low levels of VE or VE deficiency on DNA damage in the liver and bone marrow were not observed in these studies, despite their exhibiting effects of low levels of VE or VE deficiency on lipids or protein damage. Moreover, rodent diets that contain adequate amounts of VE do not significantly enhance the VE accumulation in mice or rats. In a preliminary experiment, the 8OHdG level did not differ between the low VE and basal VE groups.
,Q WKLV VWXG\ PLFH ZHUH IHG D ORZOLSLG −VE), low-lipid (+VE, 15 mg α-tocopherol/kg diet), basal-lipid (−VE), basallipid (+VE, 15 mg α-tocopherol/kg diet), KLJKOLSLG−VE), or high-lipid (+VE, 15 mg α-tocopherol/kg diet) diet, based on the AIN93G formula (Reeves HW DO 7KH PLFH ZHUH WKHQH[DPLQHGIRU7%,LQGXFHGR[LGDWLYHGDPDJHWR'1$ OLSLGVDQGSURWHLQLQWKHOLYHU)XUWKHUPRUHFKDQJHVLQWKH QRQKHPHLURQFRQFHQWUDWLRQZHUHHYDOXDWHGEHFDXVHLURQLV
LQYROYHG LQ R[LGDWLYH GDPDJH 7R\RNXQL $EDOHD HW DO
To evaluate the contributions of antioxidants to oxidative damage, the changes in the concentrations of vitamins C and E, and GSH were also examined. The TBARS concentration in the liver was measured using the colorimetric method (Kikugawa et al., 1992) . The concentration of protein carbonyls was determined by the method of Evans et al. (1999) .
Materials and Methods

0DWHULDOV
DNA damage was assessed by a 8OHdG assay. An analysis of 8OHdG in the liver was performed as follows. The DNA that was extracted using a DNA extraction kit was digested with nuclease P1 and acid phosphatase, according to the method of Yamaguchi et al. (1996) . The 8OHdG and deoxyguanosine (dG) contents in the deoxynucleotide mixture were analyzed by HPLC (Shimadzu LC-6A, Shimadzu Co., Kyoto, Japan) with an ECD (Coulochem II, ESA, Chelmsford, USA) that was equipped with analytical cells (detector 1, 180 mV; detector 2, 380 mV), and an ultraviolet detector (Shimadzu SPD-10A, AT 280 nm). The separating conditions were as follows: column, Beckman Ultrasphere ODS (4.6 × 250 nm); column temperature, 23 4 &; mobile phase, 10 mM NaH 2 PO 4 containing 8% methanol; flow rate, 1 ml/min. The 8OHdG levels in the DNA are expressed as the number of 8OHdG per 10 5 dG. Non-heme iron was measured using the method of Torrance and Bothwell (1980) . Protein was determined using a BCA protein assay kit (Pierce, Rockford, USA).
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Results
Body, liver, and spleen weights As shown in Table 1 , the final body weight was lower in the low-lipid group than in the other groups. The relative liver weight to body weight did not differ among the groups (data not shown). However, the relative spleen weight was lower in the high-lipid group with TBI (Table 2) . 
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Discussion
Oxidative damage is the mismatched redox equilibrium between the production of reactive oxygen species (ROS) and the ability of the cell to defend against them. Oxidative damage, therefore, occurs when the production of ROS increases and scavenging of ROS decreases. Ionizing radiation such as X-rays is thought to produce free radicals in the cell. These can cause a number of diseases, and are involved in the detrimental effect of ionizing radiation. 34.5 ± 4.7 () 35.0 ± 3.2 () 31.5 ± 3.3 () +VE groups 0 35.1 ± 6.1 () 36.5 ± 1.9 () 34.3 ± 2.7 () 2 35.0 ± 2.6 () 37.9 ± 3.3 () 34.9 ± 3.2 () Refer to Table 1 footnote for details. Table 7 . Vitamin C in livers of mice fed various diets for 2 weeks and then subjected to TBI with X-rays (nmol/mg protein) X-rays Dietary lipid level (Gy) /RZ JURXSV Basal groups High groups −9( JURXSV 0 24.2 ± 2.1 () 25.1 ± 2.6 () 20.8 ± 2.1 () 2 22.1 ± 1.5 () 22.9 ± 2.3 () 17.8 ± 1.8 () +VE groups 0 24.6 ± 1.7 () 25.7 ± 1.9 () 23.7 ± 2.8 () 2 24.1 ± 3.0 () 26.1 ± 3.1 () 22.5 ± 1.7 () Refer to Table 1 footnote for details. The induction of oxidative damage in the body is the result of oxidative stress that exceeds the antioxidant capacity, which is dependent on levels of antioxidants and antioxidative enzymes. In this study, low levels of antioxidants, such as vitamins E and C and GSH in the high-lipid group, were related to the susceptibility to TBI-induced oxidative damage.
/LSLGVDUHWKHHVVHQWLDOFRPSRQHQWVRIFHOOPHPEUDQHVDQG OLSRSURWHLQV /LSLG SHUR[LGDWLRQ LV DQ LPSRUWDQW HIIHFW RI UDGLDWLRQRQPHPEUDQHVDSDUWIURP'1$ DUHFULWLFDOWDUJHWV RIUDGLDWLRQDFWLRQ9(VHUYHVDYLWDOUROHLQWKHVFDYHQJLQJRI OLSLGSHUR[LGHVDQGPD\RIWHQSUHYHQWRUGHOD\WKHRQVHWRI FDQFHU/HYLHWDO 'HFUHDVHVLQWKHOHYHOVRIYLWDPLQV&DQG(LQJXLQHDSLJV
Iron is a very common metal that is widely utilized by living organisms in a large number of biological processes. Iron has redox potential, and is known to induce oxidative damage in biomolecules (Gordon et al., 1995) . In this study, the concentrations of non-heme iron in the high-lipid (−VE) groups were significantly higher than those in the low-and basal-groups.
The spleen is susceptible to ionizing radiation. In the case of TBI at 2 Gy, the decrease in the relative spleen weight was more marked in the high-lipid group, indicating that this group was more susceptible to TBI than the other groups. This suggests that higher levels of radiation-induced oxidative damage occurred in the high-lipid group than in the other groups.
These results suggest that low levels of antioxidants were involved in the appearance of oxidative DNA damage, lipid peroxidation, and protein oxidation in mice that were fed a high-lipid diet with TBI, due to the consumption of a VE -free diet. Interestingly, higher levels of non-heme iron were detected in the high-lipid group than in the low-or basal-lipid group, regardless of the level of VE or TBI.
In the present study, the VE effect on radiation-induced oxidative damage was observed in mice that were fed a highlipid diet, but not in mice that were fed a low-or basal-lipid diet. Finally, these results suggest that both the low levels of antioxidants and high levels of iron were involved in the appearance of oxidative damage in mice that were fed a highlipid diet with TBI, due to (−VE ) consumption.
Table 9
Non-heme iron in livers of mice fed various diets for 2 weeks and then subjected to TBI with X-rays (µg/mg protein) X-rays Dietary lipid level (Gy) /RZ JURXSV Basal groups High groups −9( JURXSV 0 2.5 ± 0.1 () 2 . 7±0 . 4 ( ) 3.9 ± 0.4 () 2 3.0 ± 0.3 () 3 . 2±0 . 3 ( ) 4.0 ± 0.2 () +VE groups 0 2.7 ± 0.2 () 2 . 5±0 . 2 ( ) 3.1 ± 0.2 () 2 3.0 ± 0.2 () 2 . 9 ± 0 . 6 ( ) 3.1 ± 0.4 () Refer to Table 1 footnote for details.
